OBJECTIVE Cushing's syndrome (CS) is characterized by changes in diurnal cortisol variation and total or partial resistance to cortisol suppression by dexamethasone (DEX). Diagnosing CS is a challenge especially in childhood and requires differentiation from primary obesity. The aim was verify the efficacy of salivary cortisol in differentiating primary obesity from CS in children. SUBJECTS AND METHODS We studied 11 patients with CS confirmed by standard laboratory investigation and surgical findings aged 1-16 years, and 21 age-matched primary obese controls. Salivary samples were collected at 0900 h, 2300 h, and after an overnight DEX suppression test (20 mg/kg up to 1 mg). Salivary cortisol was measured by RIA. RESULTS Diurnal variation of salivary cortisol levels was observed in all controls, as opposed to only 5 of 11 patients with CS. Suppression of salivary cortisol was detected in all controls but in no CS patient after the overnight DEX test. Mean salivary cortisol levels were higher in the CS than in the control group both at 2300 hours and at 0900 hours after DEX but no difference was observed at 0900 hours of the first day. The sensitivity and specificity of salivary cortisol at 0900 h, 2300 hours and after-DEX in diagnosing CS were 27% and 95·2%, 100% and 95·2%, and 100% and 95·2%, respectively. Sensitivity and specificity of 100% were obtained by combining the data for 2300 hours and after-DEX. CONCLUSION The combination of salivary cortisol determination at 2300 hours and after-Dexamethasone is an easily performed and noninvasive method with high specificity and sensitivity for diagnosing Cushing's syndrome in children.
Cushing's syndrome (CS) is characterized by clinical features resulting from exposure to high levels of glucocorticoids, changes in diurnal cortisol variation and total or partial resistance to cortisol suppression by dexamethasone (DEX). Although the first description of CS in adolescence dates back to 1912 (Medvei, 1993) , the diagnosis and differential diagnosis of CS still remain a challenge, especially in children. Excessive weight gain and growth retardation are the most common features of CS in children and adolescents (Magiakou et al., 1994; Weber et al., 1995) and the typical phenotype with centripetal fat distribution and wasted appearance of the extremities due to increased protein catabolism is less frequent in childhood (New & Rapaport, 1996) . Information concerning growth velocity is not always available and sometimes the growth rate is within the normal range especially in pubertal subjects (Magiakou et al., 1994; Weber et al., 1995) , and therefore the differential diagnosis with primary obesity is mandatory. The most accepted protocol to diagnose CS is based on suggestive clinical findings, high urinary free cortisol and non suppressed serum cortisol levels after the low-dose dexamethasone test (Trainer & Grossman, 1991) . Although the determination of 24-h urinary free cortisol (UFC) is one of the recommended tests to confirm the diagnosis of hypercortisolism with a sensitivity of about 95% (Findling & Doppman, 1994) , it has the disadvantage of relying on patient management for a proper collection especially in young children.
Diurnal variation of plasma cortisol is not easily assessed in outpatients and high cortisol levels in night samples could simply reflect the stress of venepuncture. In order to overcome this stress problem especially in children and adolescents the overnight DEX suppression test (20 mg/kg up to 1 mg) might represent the next step in the diagnostic process and is easier to perform on an outpatient basis (Cronin et al., 1990) . Salivary cortisol represents the free fraction of cortisol that shows a good relationship with plasma cortisol levels (Vieira et al., 1984; Francis et al., 1987) . Saliva is easily obtained, even at home, in a noninvasive, stress-free method and salivary cortisol has been considered as a screening option for CS in recent years (Barrou et al., 1996) .
In this study we evaluated the efficacy of salivary cortisol measurement at different time-points during the day (circadian rhythm) and after the overnight DEX suppression test in diagnosing Cushing's syndrome in children and adolescents and its potential capacity to establish the differential diagnosis with primary obesity. 
Methods

Subjects
We studied 11 patients (10 girls and 1 boy) with Cushing's syndrome aged 1-16 years (10·2 Ϯ 5 years) at the University Hospital of the School of Medicine of Ribeirão Preto, Brazil. The diagnosis of CS was established by suggestive clinical findings, increased plasma cortisol levels at different time points during the day with absence of diurnal variation in most of them and no suppression of plasma cortisol levels after an overnight DEX test (20 mg/kg up to 1 mg). The aetiology of CS was determined by measurement of plasma ACTH levels, high dose DEX suppression test, oCRH test, computed tomographic scan (CT) or magnetic resonance imaging (MRI) and was confirmed by surgery and anatomopathological findings. Five patients had Cushing's disease and 6 had primary adrenocortical disease.
Twenty-one obese subjects (10 girls and 11 boys) aged 3·5-17 years (10·2 Ϯ 3·7 years) were studied as controls. All showed higher percentiles for weight than for height (Tanner & Whitehouse, 1976) and body mass index (BMI) Ն the 95th percentile for age, race and sex (Rosner et al., 1998) . None showed any other systemic disease.
The study was approved by the Ethics Committee of the University Hospital of the School of Medicine of Ribeirão Preto and written parental consent was obtained.
Study design
Saliva samples (1 ml) were collected from all subjects as previously described (Santiago et al., 1996) at 0900 hours and 2300 hours on the first day (circadian rhythm). Twenty mg/kg up to 1 mg of DEX was administrated orally at 2300 hours. A post-DEX-sample was taken for salivary cortisol assay at 0900 hours (0900 h-D) on the following morning.
The oral cavity was previously rinsed with tap water to eliminate milk or food contamination. The samples were kept at 4ЊC until the following morning when they were centrifuged, and the supernatants were stored at ¹ 20ЊC.
Assay
Salivary cortisol was determined by a previously described direct RIA without prior extraction or chromatography (Vieira et al., 1984; Santiago et al., 1996) . The assay sensitivity was 1·7 nmol/l and the intra-and inter-assay coefficients of variation (CV) were 7·6 and 11%, respectively. All samples from the same subject were determined in duplicate in the same assay.
Statistical analysis
A normal circadian pattern of salivary cortisol was defined as a 23% (or more) reduction of cortisol values at 2300 hours in relation to the previous morning values (Santiago et al., 1996) . This value corresponds to three times the intra-assay CV and is similar to the value (25%) recommended by Krieger et al. (1971) .
The sensitivity and specificity of salivary cortisol in diagnosing Cushing's syndrome were determined at 0900 h, 2300 hours and 0900 h-D considering as cut-off points the value of the mean þ 2 SD observed in the obese group at each timepoint. Data were expressed as mean ϮSD. For statistical purposes cortisol concentrations below the sensitivity of the assay were considered to be 1·7 nmol/l.
Statistical comparisons between groups were performed by the Wilcoxon-Mann-Whitney test. P < 0·05 was considered to be statistically significant.
Results
Circadian variations
A normal circadian variation of salivary cortisol was observed in all obese controls (Fig. 1 a) whose salivary cortisol levels ranged from 9·4 to 75 nmol/l at 0900 hours and from < 1·7-9·5 nmol/l at 2300 hours.
Circadian variation of salivary cortisol was also observed in 5 of 11 children (45·5%) with CS, but their levels were higher than those observed in obese controls especially at 2300 h (Fig. 1b) . Salivary cortisol levels ranged from 8·8 to 90·5 nmol/l at 0900 hours and from 7·9 to 53 nmol/l at 2300 hours in the CS group.
The mean salivary cortisol levels of CS patients at 0900 hours did not differ from those of the obese group (Table 1) . However, the mean salivary cortisol levels at 2300 hours were higher in the CS group (28·3 Ϯ 13·4 nmol/l) than in the control group (3·3 Ϯ 2·2 nmol/l) (P < 0·0001).
Overnight DEX suppression test
Salivary cortisol concentrations at 0900 h-D were < 1·7 nmol/l in 16 of 20 obese children (80%). The highest individual value observed in this group was 3 nmol/l. The salivary cortisol levels at 0900 h-D in CS patients ranged from 6·4 to 77·3 nmol/l. There was no overlap between the values observed in CS patients and controls. The mean salivary cortisol concentration at 0900 h-D was higher in the CS group (30·1 Ϯ 24·4 nmol/l) than in the obese group (1·8 Ϯ 0·3 nmol/l) (P < 0·0001) ( Table 1) .
Sensitivity and specificity
Considering as a cut-off point the mean value þ 2 SD of salivary cortisol levels observed in the obese group for each time-point the sensitivity and specificity were 27% and 95·2%, 100% and 95·2%, and 100% and 95·2% at 0900 h, 2300 hours and 0900 h-D, respectively. The combination of 2300 hours and 0900 h-D salivary cortisol values improved the sensitivity and specificity to 100% and 100%, respectively (Table 2) .
Discussion
Almost one century from its first description in 1912 (Medvei, 1993 ) the diagnosis of Cushing's syndrome still remains a challenge, especially in children. We showed that measurement of salivary cortisol at late-night and after overnight DEX could represent a method of choice with high sensitivity and specificity in diagnosing Cushing's syndrome in children and adolescents. Despite the reliability of salivary cortisol measurements, the ease of collecting the saliva samples, the possibility of performing the procedure on an outpatient basis and its great value for the diagnosis of CS, this technique is not widely used. Recent studies have supported determination of salivary cortisol levels as a good method of evaluating adrenal function (Kahn et al., 1988; Laudat et al., 1988) .
The circadian rhythm of salivary cortisol secretion can be detected very early in postnatal life both in term (Santiago et al., 1996) and in preterm (Antonini, 1997) infants and the absence of the diurnal variation of plasma cortisol levels has been considered a hallmark of CS (Findling & Doppman, 1994; Newell-Price et al., 1995; Papanicolaou et al., 1998) . In this study the circadian variation of salivary cortisol concentrations was present in 45·5% of CS patients albeit at higher levels since salivary cortisol concentrations at 2300 hours were increased compared to controls. These data confirm previous studies reporting that the circadian rhythm of cortisol secretion is retained in some patients with Cushing's disease (Glass et al., 1984; Refetoff et al., 1985; Tourniaire et al., 1986) .
The most useful feature of measuring salivary rather than plasma cortisol is to assess cortisol circadian rhythm. The analysis of cortisol rhythm in plasma samples requires at least 
* CS group higher than obese controls (P < 0·0001). one day on the ward for adaptation and does not completely prevent the venepuncture stress especially in children and adolescents, sometimes leading to a misinterpretation of the circadian variation. Our results also showed that basal salivary cortisol levels at 0900 hours do not help differentiate primary obesity from CS in children. Although higher salivary cortisol levels in the morning have been reported in CS patients compared to normal controls, an important overlap between these groups has been reported both in children (Gafni et al., 1998) and in adults (Castro et al., 1999; Raff et al., 1998) . Recent studies have shown that a single sleeping midnight plasma cortisol determination is a very sensitive method to establish the diagnosis of CS in adults (Newell-Price et al., 1995; Papanicolaou et al., 1998) . Similar findings were observed using salivary cortisol at late-night to screen adults for CS. A sensitivity of 92% and specificity of 95% in diagnosing CS were reported (Raff et al., 1998) . In our study salivary cortisol measurement at 2300 hours showed a sensitivity of 100% and a specificity of 95·2% in diagnosing CS in children and adolescents, similar to the sensitivity (92·8%) and specificity (100%) described recently by Gafni et al. (1998) . The cut-off value at midnight was also similar (7·5 nmol/l) (Gafni et al., 1998) to those reported here (7·7 nmol/l).
The overnight DEX suppression test (20 mg/kg up to 1 mg) has been widely used as a screening test for hypercortisolism with a sensitivity and specificity of about 98% and 87·5%, respectively (Cronin et al., 1990) . More recently this test was performed in saliva and sensitivity and specificity of 100% were described in adults for a cut-off level of 2·8 or 3·1 nmol/l (Barrou et al., 1996) . We also found in the present study a very high level of sensitivity (100%) and specificity (95·2%) for a cut-off value of 2·4 nmol/l. Both sensitivity and specificity reach 100% when a cut-off value of 3·1 nmol/l is considered, as observed by Barrou et al. (1996) . However, assuming this higher cut-off level, occasionally some patients with mild CS might not be detected on a larger series.
Regarding the difficulty in the diagnosis of CS based only on clinical findings and considering the wide range of possible laboratory results, it is very sensible to search for at least two physiopathological abnormalities of CS before confirming the diagnosis. In the present study, the combination of 2300 hours and 0900 h-D salivary cortisol values provided a sensitivity and specificity of 100% in children. We recently reported the combination of salivary cortisol determination at bedtime and after overnight 1 mg DEX as having high diagnostic sensitivity (100%) and specificity (93·3%) for Cushing's syndrome also in adults (Castro et al., 1999) .
We conclude that measurement of salivary cortisol at latenight and after an overnight dexamethasone test could represent a noninvasive, cost-effective and easily performed method with high sensitivity and specificity in screening Cushing's syndrome in children and adolescents.
